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INTRODUCTION
THE PROBLEM

There exists a great variety of electro-optical (E-0) imaging
systems adaptable to alrborne target acquisition applications. Most
of the more sophisticated devices, notably the state-of-the-art forward-
looking intrared (FLIR), were developed specifically for that purpose.
Greatly increasing costs paralleled the rather rapid deveiopment of
these extremely complex systems. These high costs, along with the keen
compelition that exists in this field, have nccessitated the develop-
ment and widespread use of a set of comprehensivz, powerfully descrip- 3
tive evaluation parameters and test procedures.’ Modulation transfer
function (MIF), minimum resolvable temperature (MRT), and signal trans-
fer function (S8iTF) are a few of the mere commonly used parameters,
With these cvaluation tools, the prospective buyver can cumpare similar
systems for performance versus cost optimization. However, this capa-
bility does narn yet provide for predictable, task-cependent operator 1
performance relatable to system cost.

During the late 1960s, a great deal of offort was put into
increasing equipment performance and reliability. Lately, however,
there has been a trend tou place a greater emphasis on cost reduction,
perhaps even at the sacrifice of performance. Therefore, it becomes
extremely important that equipment performance, measured by MIF, MRT,
$iTF, etc., be transformable into predictable levels of operator
performance for specific tacks; i.e., target acquisition in a particu-
lar environment. Optimum vperator performance is, after all, exactly
what the prospective buyer needs at minimum cost. Untortunately, Lhe
task-dependent relationships that exist between operator performance
and equipment performance--and, hence, hetween operator performance and
system cost--are not known.

This is the firstL experiment in a series intended to provide these
required relationships in the basic area of electro-optically enhanced
airborne target acquisition, primarily recognition and identification.
It is expected that, whea the planned series of investigations are
completed, the data will be at hand to determine these relationshiips
for a comprehensive set of equipment evaluation parameters. Then, and
only then, will the E-O system user be able to confidently select equip-
ment vptimized for his application at the lowest possible cost.

Pinstitute for Defense Analysis. A Guide for the Preparation of Specifications for Real-Time i
Thermal fmaging Syetems” edited by L. M. Biberman, Arlington, Va,, IDA, January 1971. (Paper P-670,
publication UNCLASSIFIED.)

' | PRECEDING PAGE. BLANK-NOT FILMZD
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BACKGROUND

A complete description of imagery produced by typical E-O systems
involves a set of parameters related to the raster sampling process,
a set related to resolving capabilities in a direction along the displayed
scan lines, and some parametcers not related to basic resolving capabili-
ties in either direction. Investigators In the past have mostly adhered
to these divisions in their choices of independent variables., Variables
related to the sampling process would include the number of scan lines
across a target, scan line orientation, and scan lire width., These
variables have usually been investigated in combination with such param-
eters as target-to-background contrast, target image size, and signal-
to-noise ratio,?”> A report by Fowler® describes an experiment in which
the 5iTF was varied. By comparison, there have been notably fewer
investigations relating resolving capabilities along scan lines to human
performance. There are quite a few parameters, some better than others,
which describe a system's resolving capabilities in this case. These
include electronic vandwidth, limiting resolution, and MTF. Limiting
resolution, in the form of electronic bandwidth, was a variable in
studies at North Carolina State University’ and the Air Force Avionics
Laboratory.® A few psychophysical investigations have been conducted

I Naval Triming Device Center Stiedv, Perc opisally Sinilar Visual fuvronment, ol Keporg, b
Burry €. Kwe Piank D0 Fowlers and Richard P Warner, Martin Manetts Corporgtion Qdando, Fla
NTDC. December 1970, (NATRADEVCEN Tech Report 09C0188 1. publication UNCEASSIEHD )

¥ Scott, Frank. Peter AL Hollanda. and Albert Haabedin “Ihe bitonmaine Value ol Ssmipled
fmages oy a Funcoion of the Number of Scans per Svene Object.”” PHOTOGR SCEYNG Vol 140 N0 )
(I974). pp. 2127,

& Naval Weapons Center. fnage Ientification on Televnesn, by Romadd A Enckson und John €
Hemingway. China Lake. Calit,, NWC, September 1970 (NWC TP SOZ5, publication UNCLASSIFIF D

5 Society tor Information Display International Symposiam J9?2 gest of Techmea! Papers,
“hffects of Target Swe, Tanget Contrant, Viewmng Distance. and Scan Dine Onentation on Dyvianiie
Television Target Detection and Kentitication,” by ROAD Bruns, AL C Battner, b and RO Stevenson,
Naval Missile Center. New York, Lewis Winner, June 1972 Ppo 145-149,

® Martin - Manctta Corparation. Targer Acquisition Suadies (1) Two-Dimensional - Compuared
With  Three-Dimensional  Turgeds, (2) Changes in Gamma for TV Displayed Targers, by Frauk D
Fowler, et al. Orando. Flu.. MMC, Janvary 1971, (OR 11,091, publication UNCLASSIHFIED.)

7 North Carohna Swate University, Department of Electrical Engineering. Information Processing
Through Visugl Perception as a Function of Signal-to-Noise on a Television Displav, by Dorothy Mae
Johnston, Raleigh, N.C., NCSU, October 1971, (AD 732311, publication UNCLASSIFIED.)

8 Air Force Avionics Labowgtory. Low Light Level TV Viewfinder Simulation Program, Fmal
Report (U), by D, K. Baverschimudt and J. M. Humes. North Amencan Rockwell, Autonetics Divisioa.
Wright Patterson  Air Force Base. Ohio, AFAL. February 1964, (AFAL-TR-08-3063, publication
CONFIDENTIAL.)
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using the MTF or similar measures as independent variables. Two of
these studies®'® have been conducted in search of a single summary
measure of image quality. Rosell and Willson' reported on a summary
mea2cire approach involving the observer's spatial frequency-dependent
signal-to-noise requirements.

Most investigators in this field have acknowledged the complex
nature of human visual performance with E-0 systems by reporting strong
interactions between independent variables and large specific target
dependences, pointing out a requircment for large-scale, multi-variate
research. One continuing sev of investigations'? is uniquely similar
to the study described in this report, both in selection of independent
variables and of their levels. The main differences between the two
studies are: (1) different target types, military vehicles versus
warships; and (2) imagery generation techniques, digital processing of
real infrared (lR) imagery by computer and presentation by photographic
projection versus TV-simulated imagery put on videotape and presented
in a cathode ray tube (CR1) display.

¥ Office of Naval Resewrch Toapet Acquisition Symposiom. A4 Collecting ot Unclassijied Teclical
Papers on Target Acquasition, Vol 1A Uity Measore of Video System Tmage Quahits ™ by Hay |
Snvder, Vigmia Polviechme Tisntute. Prepared by Minnn Manetts Corporstion, Otlindo Fla. November
1972 (Report Noo OAG201. Vol 1. ONR Contacr Noo NOUOUTH72-C-03849 . pabhicatiorn
UNCLASSIEIED )

YO Perkin-blmer Corporanion. “Search tor o Summary Measuie of Tmage Quabity by §rank
Scott and Robert Hufnagel presented as nvited papers a1 the Annaal Meetimg or the Optcat Soaen
ol Amenca m Philudelptua Pa, October 19050 Nornwalk, Conn, P-EC October 1903 (Paper
UNCLASSHEIED )

11 Office of Naval Research Targer Acquisition Symposium. o Collection of Onclassitied Technical
Papoers on Taurget Acquisitionn, Vol 1, "Signal-to-Nose Ratio Tinesholds tor Image Detection, Recogmition,
and Identification.” by Fredenck A, Rosell and Robert H Willson, Westinghouse Detense and Electionie
Systenmns Center, Baltimore, Md. Prepared by Mwtin Marictta Corporation, Orlando. Fla., November 1972,
Report No, OA0201, Vol 1, ONR Contract No. NOOOOT4-72-C 03549, publication UNCLASSIEILD )

Y2 Otfice of Naval Research Target Acanisition Symposium. A Codlection of  Unclassitied
Technical  Papers  on Targer Acquisition, Vol 1. “The kitect of lmage Quality on Tapet
Recognition.”™ by Leon G, Williams and Carl P Graf, Honeywell Research Labs. Prepared by Martin
Marictta Corporation. Orlando, Fla., November 1972, (Report No. DA6201. Vol, 1. ONR Contract
No. NOO0014-72-C.0389, pubhcation UNCLASSIFIED.)
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THE APPROACH

EXPERIMENTAL DESIGN

This study was conducted in two parts, referred to as Experiment 1
and Experiment I1. 1In both experiments, the subjects were presented
with TV-displayed silhouettes of warships. The independent variables
in these¢ random factorial experiments were image size (range), image
palarity, and target-to-observer MIF, Each subject in Experiment I saw
all possible combinations of target, image size, and MIF three times,
with half the subjects receiving once polarity and the other helf
receiving the opposite polariity. Each subject in Experiment 11 twice
saw all combinations of all variables, including polaricy. There were
three levels of both image size and MIF. The design is summarized in
Figure 1. The task used as a performance measure was that of forced-
choice identification with four possible targets. Photographs of the
four ships are shown in tigure 2, Appendices A through J contain
imagery photographs, confusion matriccs of subjects' recsponses, perform-
ance curves, etc., relating to these experiments.

L ~—~—_MTt,
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l?/,/‘ /%;‘? Ly s,‘m LENGTH = 30% OF DISPL wiD
L : — T MTE Ly SHIP LENGTH = 20% OF DWSPLAY WIDTH
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— e
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~.
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FIGURE 1. Experirnental Design.
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TARGET NO. 1 (T})

TARGET NO. 3 (T3) TARGET NO. 4 (T

FIGURLE 2. Phiotographs ot 1:1200 Scale Models.

TEST PROCEDURES

Experiment 1

The subject sat in a darkened room in front of a 9-inch diagonal,
standard 525-1ine TV monitor. The viewing distance wis maintained at
24 inches. ds the subject examined reference photographs on a briefing
card, which was available throughout the experiment, he listened to a
rceording of the instructions given in Appendix ¥. After the instruction
phase of the briefing, the subject participated in a series of practice
trials, which consisted of ovne complete set of target/condition combina-
tions; that is, four targets, three image sizes, snd three MIF curves,
resulting in a total of 36 trials. These trials were blocked in MIF to
faciltate easc in videc recording, and were presented in two sets,
resulting in six hlocks of six trials each. The taorget/image size
combinations were randomly ordercd in these trials. The actual order
given each subject was the same and is shown in Appendix G.
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Each practice t.ial of the first set began with a l0-sec static
display of a ship silhouette, the appearance of which was simulata-
neous with a correct, audible identification of the ship. This 10-sec
"look" was ftollowed by a 5-sec pause, during which the TV monitor was
blank, <This set of practice trials, compriging 18 trials, was 4.5 min
long. in the sccond set of 18 practice trials, a buzzer signaled the
beginning of the 15-sec trials. Before the end of the 15-sec the sub-
ject was required to verbally identify the ship, as he would have to
do in the main experiment. Then there was an additional S5-sec "look"
in which the subject was told the correct choice, followed by another
5-sec pause preceding the next trial. ' ' 7 '

The briefing and practice trials were followed by a break of about
5 min before the beginning of the experimental trials. The prucedure
and method of presentation of the experimental trials were identical Lo
those of the second set of practice trials. As before, the imagery
was blocked in MIF, resulting in three blocks of 12 trials each, one
trial for each combination of target and image size. The order of
presentation within the blocks, as well as the blocks themselves, was
randomized., Eacn subject was presented with three repetitions of the
experimental trials, cach repetition with a different randomized order
of presentation. The oniy exception tu complete randomization of the
experimental trials was that the first block of each repetition was
not allowed to be of the same MTF as that of the first block of any
preceding repetition. Dach repetition oi 36 trials took about Y min
and there was a 2-min rest break between repetitions., The orders of
presentation shown to cach of the 36 subjects are given in Appendix G,

Experiment 11

A second ser of experimental trials was cenducted to provide a
better assessment of the polarity effect by elimicating ithe confounding
between polarity and the two subject groups. This was done by recalling
the subjects to retake the same experiment, but with the opposite
polarity. Hence, for each subject the results from Experiment I wvere
combined with the results of these additional trials and analyveed as
Experiment 11. Several days elapsed between Experiment I and the
second set of trials. The presentation order was the same as before
for each subject. Limited subject availability and an attempt to bal-
ance the experiment in terms of presentation order resulted in only
10 subjects taking part and their presentation orders are given in
Appendix G. Each subject began this part of the experiment with no
briefing and was presented with ounly the second set of practice trials
from the videotape used in Experiment 1. He also was presented with
only the first two of the three taped experimental repetitions. There-
fore, the results of these trials, along with the results of only the
first two of the three Experiment I repetitions, comprise the data
analyzed as Experiment 11,

AR e Ayt SR TR e - - e S RS 1
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SUBJECTS

The subjects who participated in these experiments were all men
who had been employed by the Naval Weapoens Center for approximately
2 years or less., A list of these "new" employees was available and
convenient for subject procurcment. All subjects were between 20 and
30 years of age and werc accepted to participate in the experiment by
demonstrating binocular vision corrected to at least 20/20 on a Bausch
and Lomb "Armed Forces Vision Tester." The subjects all indicated that
they had never scen similar imagery before. '

APPARATUS

The cquipment components used {or the recording and playback of
the warship imagery, along with thedlr main functions, are listed in
Table 1, Simplified schematics of the recording and playback confign-
rations arc shown in ¥Figures 3 and 4,

TABLL 1. Apparatus, Deseription and Funcbon. 3
Fquipment Function
TV Camera System, Cohu 6000 Genarate test video lhniagery
Series with Westinghouse Provide polarity control
8521 Vidicon Provide MIF control
Videotape Recorder, Ampex Record test imagery, verbal briefing,
Model 660B and buzzer signals

Play buack same to subjects

TV Monitovw, Conrac¢ Model RNDY Present Lest dmagery to subjects
with standard 9-inch Background luminance and image contrast
diagonal display control

Oscilloscope, Tektronix Model Monitor video signal characteristics

7613 with TV Synch Separator during taping
and Plug-ins 7Al8, 7B53A, Measure video signals during equipment
and 7D11 characterization
Telephotometer, Gamma Model Monitor background luminance and image
1C2000 contrast during experiment
Microphotometer, Gamma Model Measure system MTF and SiTF during
700-10-50 with single slit equipment chara-terizaticn
analyzer
- 4 !
: i
i
9 .
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FIGURE 4. Expernimental Pluyback Contiguration.

IMAGERY DEFINITION AND EQUIPMENT PARAMETERS

The dmagery used in the eaperiments can best be aescribed in

Lerms
ot the measurable operating paramelers ol

the video cquipment and the
geometry of the taping and plavback contiguracions., A
sion of the method by which the values of
selected 1s glven in Appendix J.

detailed discus~
Image size and MIF were

Image Size

luage size is defiacd in terms of the lengths of the ships' images
as proportions of the active display width. Nominal values used in
this e¢xperiment were 15, 20, and 307, which were obrained by using three
differep' target-to-camera distances during videotaping. These dimen-
sions werce cquivalent to actual image lengths of 1.1, 1.4, and 2.2 inches
on the 7.2=-inch~wide 1V monitor. A more precise description of the
ships’ lengths is given in Table 2. These image lengths were geometri-
cally determined, i.,e., only model size, viewing distance, display size,
camera distance, and FOV were used. Table 3 nrovides two more degcrip-
tors of the size of the displayed images: the number of scan lines

10




in Appendix 1.

images to the subjeccts' eyes.
on the actual scalc model lengths,
can afiect the actual size of the displayed image and this is di cussed

TABLLE 2.

NWC TP 5633

comprising the target images and the angular subtense of the target
Calculation of these data was also based

The valuce of the MIF and the SiTF

Determination ?

Ship lmage Lengths by Geometric

Nomina]l shipgimagw lengths,

doWerl-tocused.

mn Minutes of Arc

Target HNo, Z_of aclive display width
15 20 30

1 15.2 20.3 30.5

2 15.0 20.0 30.0

3 15.¢ 20.90 30.0

4 14.5 19.3 28.4

TABLL 3. Scan Lines per Target Height and Angular Subtense 1o the Tye

Target height, Angular subtense,
- scan lines winutes of are

Target — —-- - o PR —

Sship dmage Jength, % uf display width
15 20 30 15 20 30
Nou., 1 17 23 32 54 72 BN
No, 2 14 39 27 46 0l 87
No. 3 13 17 24 4] 55 78
No. & 13 15 2i 30 | 435 67

4 Target heights are considered to be as

11

shown by the dashed lines.
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Modulation Transfer ¥ unction

The MTF of the system was controlled with the focus voltage of the
standard, 1.5-inch vidicon camera tube. Direct measurements of the
system's square-wave responses were made with square-wave bar patterns
and a scanning microphotometer. Since the system's SiTF was reasonably
linear, the sine wave responses (MIFs) were calculated' and are shown
in Figure 5. Detailed discussions of the method employed, its disadvan-
‘tages, and the resulting accuracy of the curves are given in Appendix I.

10X
) MTO1
L‘,‘ V”_l
8] V] MHJ
60
-
-
k3
!
!
7“i
i
| , :
[ N S P pr 2 SR
u Y 1 14 2 2% X

SFATIAL FHUQUENCY, £y by PER DIYPLAY WiIDTH

FIGURLE 5. System Modulation Transter Function.

Polarity

Polarity change was accomplished in the Cohu camera by reversing
the output of the video amplifier and adjusting the blanking level to
maintain calibration of the videc :ignal levels. In the white-positive
mode, the gystem displayed a light target on a darker, 5-foot-lambert

'3 Coltman, John W, “The Specitication of limagiiig Piuperites Uy Respomse w0 a Sine Wave
Input,” OPT SOC AMER, I, Vol. 44, No, 6 {1954).

12
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background. In the black-positive mode, a darker target was displayed
on the same gray background. In both cases, target/background contrast
of large targets was 40% according to thke definition

C =l-:>.}'1

B

where T 1s target image luminance and B is background luminance.

Other Parameters

Additional equipment parameters and thelr values, as they were
during taping and playback, are given in Table 4.

TABLE 4. Vidvo Lquipment, General Description.

Camera:

Nominal 1ine rate .oiieune it e rsrinnnctsosnnsnnneesss e 525
Actual displayed scan line number ..o i oL, 485
Video bandwidth .. ... iiiiiirenraineinnans crrerr e e 32 MHz
Interlace coviniiieerne i rassan ettt e 2:1
Frame/f3icld Ta0CS s vnnnnnernoaeoeneteneenann. 20/60 ney 3

Sync and blanking ....v.ieiiiiiiiieiiieaae... EIA Spec. RS=330

Videotape recorder:

General output specifications ..o...... FCC Std. 11A73-3678a(3)
Video bandwidth ........ Ch e i e e e 3 MHz
Signal-to-noise ratio ,.......... ... e e, 4B
Display:
Raster size ..o, «eo 7.2 inches wide x 5.4 inches high
Phosphor type ..uaisin e ranaesnn, ettt it P4
Raster Jline orientation ...eeeveeeeeesss horizoantal scan lines
Video bandwidtl .,........ .. .. .. ... e ve v ees 10 Mz
DC restoration ..ove.veueenan vevreseeenaess 1000 syne Lip clamp

e T DA, o A R e VA - S
e oo . B e S T T o e HIBIP--yer S e e 4 e e muma i kv ks S e e b arie
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DISCUSSION OF RESULTS

Subject performance ranged from 98% correct with the best combina-
tion of conditions to 11% with the poorest. C(orrect responses averaged
767% with the best MTF and 597 with the poorest, while the largest images
yielded 86% correct and the smallest images ylelded 48%. S o

Figure 6 shows the main etfects of image size and MIF. Performance
improved linearly with increasing size when the MTF was poor (MTF3).
However, with the best MTF, perfermance improved with Image size at a
rate comparable to the poorer curves only up to a "critical” size. For
image lengths greater than about 20% of the display width, performance
improved very little with increasing size. 1t would appear, then, that
when the image lengths were 20% of the display width, the ships' feu-
tures necessary for identification were detectable and for only slighrly
smaller images they were much less so.

100, -

PERFORMANCE, % CORRECT

OMYFl
O MTE
2 D MTE,

ot,; A 1 1

10 15 20 25

2
B

SHIP LENGTH, % OF DISPLAY WIDTH

FIGURE 6. Perfonmance Versus Image Size and
MTF (Averaged Over Target and Polarity).

14




NWC TP 5633

Figure 7 shows the effect of polarity on performance. Against
light targets on a gray background (white-positive), the subjects
averaged 73% correct, but only 637 against dark targets on the same
background (black-positive). The polarity effect seems to Increase as
the image gets smaller and the MIF gets poorer. The data from Experi-

‘ment 11, which was conducted to separate subject group differences from

the polarity effect, shows the polarity effect to be somewhat larger
than in Experiment I aL the smaller image sizes and at the poorest

-MIF (Figure 8). However, the practical significance of this effect

seems to be small for the higher MTFs and larger images.

PEAFORMANCE, % CORRECT
£ 8
- T
i )
A
[N |
|

40
O WHITE POSITIVE
2 @ BLACK-POSITIVE
o J 1 | L 1
10 15 20 25 kY kS

SHIP LENGTH, % OF DISPLAY WIDTH

FIGURE 7. Polarity Effect, Experiment 1.
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- Y
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FIGURE 8, Polarity Effect, Experiment 11.

The results also indicated a strong specific target effect and
interactions between target and image size, as shown in Figure 9. The
average performance against each target was as follows: No, 1, 70%
correct; No. 2, 53%; No. 3, 78%Z; and No. 4, 68%. Table 5 gives the
confusion matrix of the subjects' responses averaged over polarity:
The on-diagonal entries in each block are the percentages of the
responses that were coriect and the off-diagonals are the percentages
in error. It can be seen that the main target effect, indicated by
differences between the diagonal entries, was relatively large with the
poorer image qualities and much less apparent with the better images.
Graphic representation of these data is given in Figure 10.
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FIGURE 9. Tuarget Effect (Averaged Over MTY and Polarity).
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FIGURE 10. Image Size, MTF-Target Interactions.
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TABLE 5. Confusion Matrix (Ilmage Size and MTF).

] “Subjects' responses
Targets Ship length, percent of display width
presented 30% ) 204 15% ]
1 2 3 4 1 - 4 1 2 3 4
1193 8 - - |90 s 2 & |57 14 19 11
Mrx, 2111 8 - - |24 73 4 1 |18 31 40 12
3l 2 12 87 1 s 5 8 4 5 9 79 8
4 5 8 85 - 6 12 83 36 26 67
11385 14 - 1 )75 11 9 7 35 20 21 24
I, 2119 82 - - |35 4 12 11 | 10 28 33 28
3 - 1 97 3 7 7 83 5 |12 17 60 11
41 3 2 13 83 9 13 25 52 1 10 22 63
1le 5 - 1176 32 ¢ 3 |26 19 19 34
MIF, 2119 82 - - |4 23 30 8 9 28 33 27
| 3] s s 8 6 |13 10 68 10 720 56 17
4 12 /7 |13 23 13 52 6 19 23 47

SUMMARY

In this forced-choice, image identification experiment subjects
were presented with TV-displayed silhouettes of four warships. The
ship images were presented one at a time, each time with a different
combination of values of image gize, MTF, and polarity. Target
image lengths of 15, 20, and 30% of the active display width and
three MIF curves ranging in sine-wave response from 0.5 to 0.23 at a
spatial frequency of 15 cycles per display width were used.

The results indicate that there were strong individnal target-
depenaent effects and significant two-way and even three-way
int.eractions between main effects. With this caution on the inter-
pretation of averaged data, the percent correct identifications
ranged between 48 and 86 for the three levels of image size, between
59 and 76 for the three MTF curves, and between 53 and 78 for the
specific target:, Performance averaged 63% correct for dark targets
against a gray background and 73% for light targets against the
same background.
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Appendix B
CONFUSION MATRICES: SUBJECTS’ RESPONSES

TABLE B-1. Experiment 1. Confusion Matrices for Ship Discrimination
With All Combinations of Image 3ize, MTF, and Polarity. (Numbers
rounded off to nearest whole number.)

Image size - }
Targets L) (30%) ] Ly (20%) } L3 (i5%)
presented , Subjects' responses, %
1 2 3 & ] 2 3 & ] 2 3 4
1 98 2 - - B2 9 4 6 48 11 30 1
MTF) 2 13 87 - - 15 76 7 2 15 29 37 20
3 - 6 93 2 4 6 83 6 201 74
o 4 6 9 11 74 - 13 82 4 g 13 74
Z 1 {8 15 - - le n 15 6 |32 30 20 17
§ MTE, 2 117 83 - - 120 37 22 20 - 33 22 43
D 3 - - 100 - q L 98 g t13 17 88 2%
® bl o6 b ozh 67 |0 19 22 W8 | - 13 20 65
@ b{9h 6 - -7 7 a5 2 |0 17 32 37
HiF,S z |13 8y - - (24 13 o4 9 2 24 28 4
3 9 3 82 - 17 9 69 6 2 26 44 28
4 6 9 13 72 |19 22 22 37 V1 24 82
187 13 - - |98 - - 2 1les 17 7 1
HIF 2 9 9] - - {32 69 - - 120 33 43 4
3 4 17 8 -6 4 8 2] 7 6 83 4
. I - - 4 96 - 6 11 83 2 2 35 5@
> - e —
= I 85 13 - 2 | 80 1 2 7 137 g 22 0
§ TF, 2 120 80 - - 150 46 2 2 120 22 43 i3
. 30 - 2 93 6 9 8 -4l 17 72 i |
v 1
= bl - - 2 8|6 7 28 56| 2 7 24 6l
< -
] 94 4 - 2 | 78 17 2 L4 20 6 3C
MTF3 2 24 76 - - 56 32 6 7 15 32 37 13
3 - - 89 11 9 11 67 13 11 15 67 £
4 2 6 11 & 6 24 4 67 7 26 22 L
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TABLE B-2. Experiment H. Confusion Matrices for Ship Discrimination
With All Combinations of lmage Size, MTF, and Polarity. (Numbers
rounded off to nearest whole number.)
. image size
Targets L (30%) | Ly (20%) | Ltz (15%)
presented Subjects' responses, % i i
T 2 3 LT 1 2 3 & T 7 3 &
tqteo - - -1]8 1o - 5|5 - 3 15
MTFI 2 10 90 - - 50 50 - b 5 10 60 25
3 - 5 90 5 5 - 90 5 - 15 75 10
© 4 - 20 10 70 5 - 5 90 10 40 50
= 190 1o - - 155 10 10 25 |40 20 15 25
v I

o NTF, 2 |20 80 - 25 30 30 15 - 35 35 30
% 3 - - 100 - 5 5 80 10 5 25 60 10
£ 4 110 ~ 15 75 |15 30 10 45 - 10 45 48
1195 5 -~ =175 10 1s  -11% 35 25 25
MTF3 235 65 - - 10 15 55 20 5 20 30 4%
3 5 1C g5 - 5 io 8y - - 36 55 i5
] 4 10 5 75 20 25 20 35 5 10 10 75
119 10 - -T9s ¢ - - {75 - 15 0

HTF | 2 5 95 - - | 25 75 - - 15 55 2%
3 15 10 75 - 5 - 95 - 5 5 90 -
v 4 - - - 100 10 10 - 80 - 10 30 60
= 1 {8 20 - -lg90 - - q0 25 10 35 30
o? MTF, 2 125 75 - - 50 45 5 - 5 50 30 15
o 3 - - 95 5 5 5 90 - 5 5 85 5
; 4 - ~ - 100 | 20 5 20 55 - 5 15 80
1 9¢ 10 - - 85 10 - 5 55 20 5 20
MTF3 2 10 90 - - 4y 55 - - 15 35 30 20
3 - - 95 5 10 10 65 15 15 i5 65 5
4 5 5 ]Q, 80 5 ZQ 5 70 - 25 30 45
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Appendix C

DETAILED SUMMARY OF ANALYSES OF VARIANCE

The lasic data obtained from both phases of the c¢xperiment were
subjected to analyses of varlance: a four-way analysis for Experiment 1
and a tive-way analysis for kxperiment 1. The subjects in Lzperi-
ment Il saw both polarities, where one-half the subjects saw white-
pusitive jmagery tirst and the other half saw black-positive tirst,

This provided tor the five-way analysis in which the polarity effects
were separated from oany subject group ditterences,

These analyses are summarized in Tables C-1 and €-2, o is the
fraction of the time that the differences in performance related to
chianges 1n a given variable or interaction botween particular variables
can be expected from only the statistical distribution of the data
and not because of the variable changes or interactions themselves,
&4 I8 an estimate of the amount of variance ascribed to changes in a
given variable or interaction, given as a percentage ol the total
variainoe Jievuiitered in Lie vaperiweni.  These are totaled in the
tables and 1t is dntervsting to nete that the sum percentage of the
total variance acceounted tor by this estimator was 43,47 in the four-
way analysis, but only 4,74 dn the five-way analysis. This should be
explainable in terms o!f the two major differences in the data 1rom the
two experiments. The basic unit of data used in the analysis of
variance was the number of correct responses per subject/target/Miv/
imdge size/polarity combination,  Therelore, in bxperiment 1, each
data point in the analysis could have the value 0, 1, 2, or 3; whereas
in Lxperiment 1], only the values U, 1, or 2 were possible.  In addi-
tion, there were 36 subjects in bxperiment 1 and only J0 in
Lxperiment 11,

i . , b , e .
Winer, B 1o Stutistical Principics in Experintental Design. New York. McGraw-Hill, 1962,
Pp MiK.2R7
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TABLE C-1. Summary of Analysis of Variance, Experiment I.
Source o ' - 4
of SS df MS F 9 62, %
variationw L
Between
7 - subjects ~88.89 35 ¢———Totals — > 0.5
P 9.68 1 9.68 4.15 0.05 0.5
error (p) 79.21 34 2.33
Within
subjehtf 1,7335.06 1,260 «—— ngq}ﬁ — 42.9
L 289.43 2 144.72 185.54 0.01 21.5
PL 1.99 2 1.00 1.28
error (1) 52.97 68 0.78
M 58.47 2 29.24 63,57 0.01 4.3
PM 1.59 2 0.80 1.74
error (m) 31.33 68 0. 46
T 94.83 3 31,61 37.1v | 0.0) 6.9
ki 2,24 3 0.75 0.88
error (t) B6. 65 102 0.85
1M 21.56 4 5.39 10.82 0.01 1.5
PLM 1.56 4 0.139 0.78
error (lm) 67.66 136 0.50
LT 70.78 4] 11.80 14.08 0.01 4.9
PLT 23.15 O 3.86 4.61 0.01 1.4%
error (lt) 171.01 204 0.84
MTI 5.65 6 0.94 1.75 0.1 0.2
PMT 1.34 6 Q.22 U.4
error (wt) 109.62 204 0.5%
LMT 26.73 12 2.23 4048 0.01 1.6
PIMT 14.03 12 1.17 2.35 0.01 0.6
error (lmt) 202,76 408 0,50

t Significarce level.
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TARLE C-2. Summary of Analysis of Variance, Experiment Ii.

Source
of 55 df MS F ot G, 7
variation
P bbb 1 4. 44 5.84 | 0.05 0.34
L 28.41 2 | 14.21 | 18.70 | 0.01 2.49
M 4.46 2 2.23 2,93 | 0.1 0,27
T 14.58 -3 4,86 6.39 | 0.0 1.14
5 0,62 1 0.62 0.82
PL 0.8Y 2 0.45 0.59
PM 0.01 2 0.01 ¢.0l
PT 1.26 3 0.42 0.55
Ps 2.51 1 2.51 3.30 1 0.1 0.16
LM 2,04 4 0.51 0.67
LT 7.74 6 1.29 1.70 | 0.1 0.29 :
LS 0.47 2| 0.24 | 0.32 §
MT 1.135 6 0.23 0.30 |
MS 0.17 2 0.09Y 0.12 |
TS 0.4 3 0.14 0.14 |
PLM 0.74 4 0.19 0.25 5
PLT 2.07 6 0.35 0.46
P18 0.07 2 0.04 0.05
PMT 1.63 6 0.2/ 0,3t
PMS 0.02 2 ¢.01 0.0l
PLS 0.62 3 0.21 0.28
IMT 3.98 12 0.33 0.43
LMS 0.32 4 0.08 0.11
LTS 0.98 6 0.6 0,21
MTS 0.45 6 0.0b 0.11
PLML 5.46 12 0.46 0.6}
PLMS 0.i9 4 0.05 0.07
PLTS 3. 44 o 0.57 0.75
PMIS U,k 6 .04 0.05
LMTS 1.76 12 0.15 0.20
PLMI'S 0.91 12 0.08 0.11
W. cell
¢error 987.6 1,296 0.76
Total 1,079.86 1,439 4,69

® 8 subject group.
Significance level.
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Appendix E
DETAILED PERFORMANCE CURVES, EXPERIMENT II
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Appendix F
BRIEFING AND INSTRUCTIONS

This experiment is designed to test your ability to identify
warships by a television presentation of their silhouettes. Several
- combinations of range, equipment quality, and atmospheric conditions
will be simulated. Photographs of thz four stips to be used in this
experiment are provided for your reference. Inese reference photos may
be used during the course of the experiment. The photos were taken
from the television display and, with the possible exception of con-
trast, look identical to the real television imagery. Note that there
is a fairly large range of conditions, resulting in pretty clear to
very fuzzy imagery. Although your reference photos are all approxi-
mately the same size, you will see several different sizes during the
experiment, All of the ships, however, will be oriented with the
stern to the left and the bow to the right, as in the briefing photo-
graphs. This should provide for uptlmal compariscen between the TV
" images and your briefing photecs.

The imagery will be presented at l1l5~second intervals, comprised
of a 10-gecond '"look" time and a 5-second pause before the next ship
appears. You may make your identification at any time during the
15 seconds. Please respond in a clear, audible voice with the reply
number 1, number 2, number 3, or number 4, with the number corresponding
with the ship identified.

Although you may use any identification cues you wish, your perform-
ance will probably benefit from the following observations. (One) Except
for the fuzziest conditions, a distinction can be made between the first
two ships and the last two in your briefing photos. The first two ships
exhibit a4 definite break or separation between the forward and rear
secticns of the superstructure. The shape of the superstructures'
images for the last two staps, however, is basically triangular with
much less visible irregularity. (Two) Distinguishing ship number 1
from ship number 2 is a bit more difficult. The most apparent differ-
ence, even under the most fuzzy conditions, is the relatively larger,
more massive stern of ship number 1. (Three) The main difference
between number 3 and number 4 1s the location of the highest point in
their superstructures. The superstructure of number 3 peaks directly
amidship. The superstructure of number 4 peaks more toward the forward
section of the ship.
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Before the actual experiment begins, you will be afforded the
opportunity to develop your comparison and identificatlon techniques.
There will be two groups of practice trials. In group number 1, you
will be given the correct identification as each ship appears on the
display. This will take approximately 5 minutes. In the second group
of practice trials, which will take about 8 minutes, you are tc respond
as you will in the main experiment with a clear, audible reply identi-
fying each ship. For your benefit, during the group 2 practice trials,
you will be allowed a second look at each ship after the 15-second e
- trial in which you've made your identification. This "second look,"
during which you will be given the correct choice, will be 5 seconds
long and will be followed by another 5-second pause preceding the next U
trial, i o R

Remember, even though you have a limited time in which to respond,
the emphasis is on correct identification and your response time will
not be measured. The complete experiment will take about 45 minutes,
within which there will be several short rest periods.

Three additional instructions: (One) During the experiment, this
buzzer [a buzzer sounds] will sound as each ship appears. (Two) Do not
touch the display controls. (Three) Try to keep your forehead next to
the positioning bar.

There will be a brief pause now, during which you may ask questions
on those points you have not fully understood.
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Appendix G
DETAILED PRESENTATION ORDER

Each subject in Experiment I received three sets of trials, referred
to as repetition 1, repetition 2, and repetition 3 in that order. Each
‘repetition contained a complete set of trials; i.e., all possible combi-
nations of image size, MTF, and specific target. With three levels of
both image size and MTF and four targets, each repetition contained o
36 trials. Subjects 1 through 18 saw imagery of black-positive polarity
and subjects 19 through 36 saw imagery of white~positive polarity.

Since calibration procedures for the video equipment were somewhat
complex, the 36 trials in each repetition were blocked into groups
according to MTF. The orders of presentation within each of these nine
groups (3 MIFs times 3 repetitions) were then randomized and are given
for each group in Table G-1. The orders of presentation of the grcups
to each subject are given in Table G-2, The only exception to randomi-
zation of the block presentation is that the first group of any repeti-
tion was not allowed to have the same MTF as the {irst greup of any
prior repetition.

Ll L

The presentation order for the additiomnal trials required by each
subject participating in Experiment II were the same as in the first two
trials of Experiment 1. The subjects who participated in Ekxperiment I1
were numbers 1, 4, &6, 14, 17, 20, 21, 29, 32, and 35. The presentation
order of the practice trials was the same for all subjects and is given
in Table G-3.

TABLE G-1. Experiment 1, Randomized Order Within Blocks, According to
Repetition Number. ]

B8LOCK DESICNATION
TRIAL REPETITION 1 REPETITION 2 REPETITION 3
NO- ™, ™, ™, ™, M, M, m, M, M,
! MilaTy | MaloTo [ MglaTy ] MitgTy | MplgTy | MaloTy | MiLTy | Mol Ty | MatpTs
2 MiLTy | MalaTy | MalpTy | MyLoT, | MaloTy | MaL Ty | ML Ty | Moty Ty | V3l
3 MiLaTy | MolyTy | MaboTy | ML Ty | MplaTy | Myl Ty | MyLT | ML Ty | MataTy
4 ML T, ML T, MiLT, M, LT, MytaT, M3L374 M LT ML T, M, T,
b M‘ L3T4 M2L3T4 MJLST‘ M'| LZT' le_:ﬂ"| MJL'ZTd M1L?T4 M2L3Tl M3L3T1
6 MibyTy | MalaTy 1 MalaTy | MiLyTo | MolgTy | MalaTy | MyLTy | MalaTy | M3LT,
7 MiLyTy | MalyTa | MalyTy | MiLTh | MyloTy | MaloTa | MyLgTy | MploTo | M3iyT,
8 ML Ta | MabaTy | MalyTo | Mgl | MpLyTy | MalaTy | MylaTy | MalgTy | MylyT,
9 ML Ty | MalaTs | MalaTa | MiLyTy | Mob,Ty | Maly Ty | M T3 | MplaTy | MylaTy
10 MikaTy | MataTy | MabaTy | MiLaTg | MpbyTy | MalyTa | MLiTe | MplaTy | MiLoT,
" MiLaTy | Mataly | Matqig | MylpTg | Mph Ty Mgugly | MyLyTy | MalgTy | Maba¥y ;
12 MitgTy | MalyTy | MabyTy | MiLyTg | Mol Ty 1 MaLT, | MyLTy | MyLTy | Mat,Ty ]

33 !
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TABLF G-2. Experiment I, Presentation Order

of Blocks.
SUBJ REPETITION REPETITION 2 REPETITION 3
NO__[TTST 2ND 3IRD | ATH S5TH 6TH | JTH BTH 9TH o -
1819 1M‘ |M2 1MJ ZMJ ZMl 2M2 3M2 ‘.'!M1 3M3
2820 |M' ‘IMJ 'MZ 2M2 2MJ 2M' JMJ JM‘ 3M2
&2t |M‘ |M? |M3 2M3 2M‘ ?M2 JMQ JMJ 3M'
4822 1M2 1M3 1M' TM‘ 2M3 l‘fv"z 3M3 3M| 3M2
5823 lM3 1M2 |M‘ :.'M2 2M3 2M‘ JM‘ 3M3 JM:,
6824 'IM,I 1MJ 1M2 2M.‘. 2M‘ 2M3 3M3 I!M1 JM;.
. 7825 IM3 !M' |M7 '2M| 'IM; 2M3 3M2 JMJ JM'
S s T s e B&26 lM, IM3 |M7 2M3 ?MQ 2M! JM? JMJ JM‘ - T o - - -
9827 lM' IMJ IM2 ZM3 2N’|2 QM' 3M2 JM‘ 3M3
10428 IM2 |M3 IM‘ 2M3 ?M2 JMI BMI 3M3 3M2
11479 'IM2 IM3 |M‘ 2M,| 2M2 2M._, 3M3 BM‘ 3M7 7777777
Tt 12630 |M‘ lM3 IMJ ?M2 ?M‘ Z?MJ JMJ 3“2 JM'
13431 IM2 IMJ 1M‘ 2M3 2M1 2M2 3M.' 3M3 3M2
14832 lMJ |M? 1M| IM' 7M; 7M3 3M2 3M3 3M|
15&33 1M2 ‘MZI |M‘ ?M‘ 2M3 ?M, JMJ 3M2 :!M|
16834 IMJ IMQ 1M' :(’M2 ?M,, QMJ 3M' 3M3 3!\.12
17435 IM3 1M1 1M? ?M;, 'JMJ JM' JMl Z!M3 JMZ
18&16 IM‘ IM:, 1M,J 2M3 2M2 2M| JM? M 3M3

TABLE G-3. Order of Practice Trials (Experiment 1).

GROUF 1 GROUP 2
TRIAL ND. [ CONDITION TRIAL ND | CONDITION
1 M1 LT, 19 My teTs
2 My |Gt 20 Mol T,
3 My | LT, 21 Mo,
4 M LT, 27 m | T,
5 M|, ‘23 M| ,T
6 M1 L?TJ 24 M' L3T4
7 M, | 1,7, 25 My | LT,
8 M, | LT, 2% My | LT,
9 M, | 1,7, 27 My f LT,
10 My [ LT, % Myl
1 My |, 2 M, | T,
12 M, | LT, % , | LTy
13 My T, 3 My | LTy
14 My LT, az My | LT,
15 My | 3Ty 33 My | T,
16 M3 | 473 4 M3 | LT,
17 My | LT, 3 Myt LT,
18 My [T, 36 My | LT,
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Appendix H
_ BREIFING CARDS, REFERENCE PHOTOGRAPHS
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Appendix 1
IMAGERY CHARACTERIZATION—ADDITIONAL COMMENTS

A comprehensive description of the “resolving' capabilities of a
contrast-limited imaging system should be given by its optical transfer
function or its line spread response curve. However, the ouly informa-
tion lost by employing solely an MTF curve--which is easier to measure--
is the effect of any phase distortion as a function of spatial frequency.
An examination of test imagery gecnerated by the tclevision system,
degraded as it was during the experiment, revealed that any phase
shifts--which for the television system would take place in the video
tape recorder--were imperceptible., Therefore; only the MIF of the
system was measured,

Actually, owing to the nonavailability of sine wave bar patterns,
the square-wave responses of the system's components were measured.
The eystem had a reasonably linear response over the ranges of inputs
and outputs encountered in the experiment. Therefore, a satisfactorily
accurate determination of MTF (sine-wave response) was made by calcu-
lating the sine-wave responses of the system's components from the
measured square-wave responses. These were then multiplied together
to get the system's sine-wave response. This procedure was followed
to obtain each of the three curves in Figure 5.

To check this procedure, the system's square-wave response curves
were calculated from the component-derived sine-wave response curves
for the system and compared with directly-measured square-wave response
curves for the system., This comparison revealed insignificant
differences.

For the component-derived calculations, the camera inputs and out-
puts were measured at five spatial frequencies between 3 and 26.5 cycles
per display width. The camera inputs were measured with a spot-
telephotometer and its outputs were measured with an oscilloscope.
Inputs to both the video tape recorder and the TV monitor were provided,
at six frequencies between 0.5 and 4.2 MHz, by an electronic TV test
pattern generator. The tape recorder was played back and the video
signals were measured with an oscilloscope, while the TV monitor output
was measured with a slit-masked micrcphotometer. The direct measure-
ment of the system square-wave responses involved photometric measure-
ments of the camera inputs, while videotaping, and the TV monitor out-
putg, while playing back the videuviaped bar patterns. The system
square-wave responses, calculated from component-derived data, are
given in Figure I-1.
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FIGURE 1-1. System Square-Wave Response (Calculated Via Component Square-Wave
Response and Sine-Wave/Square-Wave Response Transformations).

The MTF of ine svstem was controlled with the focus adjustment of
the electron beam in the TV camera tube, a standard 1 1/2-inch vidicon,
This methoud of MIF control did have some rather inconveniencing dis-
advantages, which were discovered during the taping of the ship imagery.
The focus control on the camera control unit adjusts the potential on
one of a series of grids in the camera tube. However, the beam's focus,
as well as other tube parameters that may depend mainly on the potential
of a particular grid, really are influenced by the total array of
different potentials the beam passes through. In the present case, for
example, the blanking level was partially a function of the focus knob
setting. Another inconvenience was the interaction between the magnetic
deflection fields and the electrostatic/magnetic focusing fields. When
the beam was defocused to produce the MTF curves of Figure 5, the
picture being dis,layed would rotate up to 12 degrees. The camera
had to be tilted to compensate for this.
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For reasons not understood, the video equipment produced higher
MIF curves for black-pouitive imagery then for white-positive imagery.
This effect is also shown in Figure 1-1. 1This effect was not compen-
sated for, since 1t was not known until after the experiment had been
completed. Compensation for this counfoundedness should act in such a
way as to increase, rather than decrease, the significance of the experi-
mental results,

Fortunately, both component and total system signal transfer ) T
functions were measured, The video tape recorder input level control
was not properly readjusted prior to recording the vlack-pesitive gray
scales, which left this section of the tape useless for the determina-
tion of the black-positive signal transfer function. However, with data
taken trom a camera/monitor configuration, the individual component data,
and the assumption that the video tape recorder SiTF was not a function
of polarity, it was possible to calculate tue black-positive SiTF for
the system, which is plotted in Figure 1-2, A best least-squares power
curve fit to the white-positive 5iTF data Jor the system wias used in
these calculations,  This cuarve also dis shown in Figure J-2 along with
the white-positive data points, 1t should be noted that, over the
region of dnput levels containing the data points, a best least-sqnares
lincar it to the data was as pood as the power curve it shown,
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FIGURE 1-2. System Signal Transfer Function With Focused Cemera and All
Other Parameters as Were Used in the Experiments.  (Black-positive data was
lost on the videotape, necessitating calculation of the bluck-positive curve iToimi
signal transfer daty of the system’s components, Curve fit to data was made
with y = axY.)
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It was mentioned in the section on image size that, strictly
speaking, image size was also a function of MIF and SiTF. As a measure
of the size change due to changes in MIF, a measurement of ship image
length was made on the face of a TV monitor. The active display width
was 7.2 inches. Table I-1 shows the results of this comparison, where
the entries are shown both as absolute measurements and as proportions
of the active display width.

TABLE I-1. Displayed Ship Image Lengths.

Target Ly (30%) L, (20%) Ly (15%)
number { WIF] | MIF, | MIF; | MTF] | MIF, | MIF; | MIFy | MIF, | MIF;

1, 2, 2.28 | 2.3 2.5 1.6 1.6 1.8 1.1 1.1 1.2
and 3 GL? Gy | @35 | 22y | 2 | @25 | @s) | as) | an
4 2.1 2.2 2.4 1.4 1.4 1.6 1.0 1.0 1.1

l (29) (31) (33) (19) (19) (22) (14) (14) (15)

Note: Accuracy of measurements limited by fuzzy edges of target
images.

4 Top entry is measured ship image length in inches.

Bottom entry is ship image length expressed as percent of display
width.

Although the SiTF was not an independent variable, separate from
polarity, it is an important parameter to document, since, as mentioned
before, image size can also be a function of the SiTF. The effect that
the SiTF has on apparent image size is, in general, confounded with
polarity. However, since the system used in this experiment had an
approximately linear response, these two effects would be independent
of one another. The effect that a nonlinear SiTF has on image size
is rarely considered to be important, if considered at all, because
imaging systems are usually designed with relatively good MIFs and,
hence, spatially small luminance transition regions defining target
edges. However, even with a high-quality system other parameters such
as atmospheric conditions can cause large transition regions. In these
cases, a superlinear SiTF will "compress the blacks' to make dark
targets appear larger and light ones smaller, and a sublinear SiTF
will "compress the whites' and result in the opposite effect.

39



U IO g Py S A S PR AP ONRT I PERTIC S PR

NWC TP 5633

Appendix J
VARIABLE LEVEL SELECTION

The particular values of image size and MIF used in this study
were chosen by means of a pilot experiment and a visual examination
of videotaped FLIR imagery. The first step involved a subjective
analysis of videotaped warship imagery, taken by A-6C TRIM-equipped
aircraft in the Mediterranean. For the range of image quality on
these videotapes, the analysis determined that, with the level of
briefing to be given the subjects, a high correct identification
rate could be attained when the ship image lengths were between 15
and 30% of the horizontal display width. Therefore, image lengths

for the study we-e chosen to be 15, 20, and 30% of the display
width.

The second step consisted of a pilot experiment in which MIF
and display contrast were varied until the subjects were performing
with correct identification rates from 25% (chance level) to almost
100%. By this procedure, the MIF curves in Figure 5 were chosen
and the large-target/background contrast was chosen to be 40%. For
the chosen image sizes, very little to no internal detail was visible
in the A-6C TRIM-generated target images. Therefore, only silhou-
ettes were produced in the TV imagery.
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